INTRODUCTION
============

Many countries are battling with the coronavirus disease 2019 (COVID-19) pandemic because of the absence of effective antiviral medications and vaccines. To control the spread of COVID-19, social distancing, wearing of face masks, and washing of hands, which are transmission-reducing behaviors, are being recommended as some of the most important measures.[@B1][@B2][@B3] Because early transmission of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is caused by pre-symptomatic- or pauci-symptomatic-infected individuals, these non-pharmaceutical preventive behaviors are getting more attention for the containment of the COVID-19 pandemic.[@B4][@B5][@B6] These attempts at behavioral change are aimed at slowing down the spread of emerging infectious diseases and to flatten the epidemic curve. Thus, the healthcare system resource capacity can be conserved while allowing time for the development of drugs and vaccines. Social distancing (or spatial distancing), including avoidance of outdoor activities, public transportation, healthcare facilities, and crowded places with potential for physical contact between individuals, reduced the number of infections.[@B2][@B3] Wearing of face masks and washing of hands are also associated with reduced propensity of transmission.[@B5][@B6][@B7][@B8]

Periodically, Korea has experienced outbreaks including the severe acute respiratory syndrome (SARS), influenza H1N1, Middle East respiratory syndrome coronavirus (MERS-CoV), and COVID-19 outbreaks in 2003, 2009, 2015, and 2020, respectively.[@B9][@B10][@B11] Differences occurred in epidemiologic outcomes (number of cases, fatality rates) of these novel infectious disease outbreaks in Korea. Only 3 confirmed cases and no death during SARS, more than 100,000 confirmed cases and 260 deaths during influenza H1N1, and 185 confirmed cases and 36 deaths during MERS-CoV occurred.[@B9] Since diagnosing the first COVID-19 case in Korea on 20 January, 2020, 10,738 cases have been confirmed, 243 deaths occurred, and 3,246 patients were isolated until 27 April, 2020.[@B12] In February 2020, Korea became the worst affected country, aside from China, for a while, and had several surges in the number of cases.[@B13] However, the Korea epidemic curve flattened without coercive restrictions following rapid interventions beginning in March 2020.[@B14] One possible explanation for the mitigation of the surge was the strong efforts implemented by the Korean government and the citizens of Korea to practice social distancing and transmission-reducing behaviors.

Resurgence in the emerging infectious disease provides opportunity for comparing individual\'s levels of practicing non-pharmaceutical preventive behaviors. However, no study has compared the proportion of practicing non-pharmaceutical preventive behaviors between COVID-19 and 2015 MERS-CoV outbreaks.[@B2][@B3][@B7][@B15][@B16][@B17][@B18] The current study aimed to quantify and compare the individuals\' adherence to social distancing and transmission-reducing behavioral practices during the COVID-19 and MERS-CoV outbreaks in Korea. Factors influencing these practices were also determined. We hypothesized that there would be differences in the rate of adherence to the non-pharmaceutical preventive behaviors and the factors affecting these behaviors between the 2020 COVID-19 and 2015 MERS-CoV outbreaks.

METHODS
=======

Participants
------------

This study, which was conducted between 2015 and 2020, used the results of 4 surveys with a total of 4,011 participants. A sample size of each survey participants was estimated to ensure the 95% confidence interval (CI), 0.025 desired margin of error, 0.2 behavioral response proportion of population. The 4,011 participants included 2,009 participants older than 19 years who were monitored during the MERS-CoV outbreak between June 2 and 25, 2015; and 2,002 participants, older than 18 years, who were investigated during COVID-19 outbreak between February 4 and April 2, 2020. All surveys were conducted using mobile (85%) or landline (15%) random digit dialing numbers in 8 regions (nationally representative). Participants were selected post-stratiﬁcation by sex, age, and province and chosen independently by each survey. The total number of weighted cases in this survey equaled the total number of unweighted cases at the national level. The weights were normalized to calculate the proportions and ratios but not for estimating the subtotal populations. Trained interviewers conducted all interviews using computer assisted telephone interviewing. Surveys 3 and 4 began approximately 2 weeks after the index case occurred, while surveys 1 and 2 were conducted approximately a month after surveys 3 and 4. Survey 1 was conducted just 10 days before the last confirmed patient of MERS-CoV on July 4, 2015. However, survey 2 was conducted when there were more than 100 confirmed cases. The surveys were conducted by Gallup Korea, an aﬃliation of Gallup International. Details, including period, number of respondents successfully interviewed, and response rate for each of the four surveys are provided in [Table 1](#T1){ref-type="table"}.

###### Details of the surveys conducted on the SARS-CoV-2 and MERS-CoV outbreaks in Korea
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  Type of behaviors       Pathogen in the outbreak   Survey                Period             No. of participants sampled   No. of participants successfully interviewed   Response rate, %
  ----------------------- -------------------------- --------------------- ------------------ ----------------------------- ---------------------------------------------- ------------------
  Social distancing       MERS-CoV                   1                     23--25 Jun, 2015   5,680                         1,004                                          17.7
  SARS-CoV-2              2                          31 Mar--2 Apr, 2020   7,304              1,002                         13.7                                           
  Reducing transmission   MERS-CoV                   3                     2--4 Jun, 2015     6,494                         1,005                                          15.5
  SARS-CoV-2              4                          4--6 Feb, 2020        6,233              1,000                         16.0                                           

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, MERS-CoV = Middle East respiratory syndrome coronavirus.

Sex, age, occupation, self-reported household economic status, residential area, presidential job approval rating, party identification, and affective risk perception as participants\' characteristics, were investigated to identify factors influencing non-pharmaceutical preventive behaviors. Age was classified into 5 levels (19--29, 30s, 40s, 50s, and 60 years and older). Occupation was classiﬁed into five levels (unemployed, self-employed including farming/forestry/fishery, blue-collar worker, white-collar worker, and full-time homemaker or student). Self-reported household economic status was classiﬁed into ﬁve levels (lower, lower middle, middle, upper middle, and upper). Participants were classiﬁed as either metropolitan or non-metropolitan residents. Presidential job approval rating was assessed using the following options: "approval," "disapproval," or "no opinion." Support for party identification was assessed based on alignment either with the ruling party, opposition party, or no opinion. Affective risk perception was assessed using the options "worried" or "not worried."[@B19]

Survey instruments
------------------

The interviews were conducted on the two aspects of the non-pharmaceutical preventive behaviors, which are social distancing measures and transmission-reducing practices ([Supplementary Data 1](#S1){ref-type="supplementary-material"} and [2](#S2){ref-type="supplementary-material"}). Social distancing was assessed using the following four questions: 1) "Did you reduce or avoid outdoor activities or attend meetings this week because of MERS-CoV or COVID-19?"; 2) "Did you reduce or avoid using public transportation such as the bus or the subway this week because of MERS-CoV or COVID-19?"; 3) "Did you reduce or avoid using healthcare facilities such as the hospitals or public health centers this week because of MERS-CoV or COVID-19?"; and 4) "Did you reduce or avoid visiting crowded markets, departmental stores, or large discount stores this week because of MERS-CoV or COVID-19?" Transmission-reducing practice was assessed using the following two questions: 1) "Do you wash your hands more often than usual because of MERS-CoV or COVID-19?" and 2) "Have you ever worn a face mask because of MERS-CoV or COVID-19?" All the questions about the non-pharmaceutical preventive behaviors required "yes/no" responses. The development of the questionnaires on preventive behaviors had not gone through a validity procedure due to the urgency of the outbreak. We also imposed the survey items on existing questionnaire developed by Gallup Korea, an aﬃliation of Gallup International.

Statistical analysis
--------------------

Response rates according to preventive behaviors were calculated according to participants\' characteristics. Univariable analyses using χ^2^ test were performed in the four surveys, entirely and respectively, to identify the relationships between practicing preventive behaviors and each demographic variable. Missing values of any outcome variable were ≤ 3.6%. Multivariable logistic regression analysis was performed to explore factors influencing preventive behaviors in the four surveys, entirely and respectively. We performed multivariable logistic regression model adjusted for sex, age, occupation, self-reported household economic status, residential area, presidential job approval, and party identification.[@B15] Affective risk perception was excluded from survey 1 and survey 2 logistic regression models to attain comparability because no data existed for it in survey 2. On the avoidance of outdoors activities, extremely large number of events made the odds ratios (ORs) in survey 2 logistic regression model unstable; therefore, surveys 1 and 2 logistic models were not reported. Using logistic regression analysis for transmission-reducing measures and social distancing measures, "y = 1" was used when "yes" for preventive behaviors, otherwise "y = 0" was used. We analyzed with a 2-sided *P* value of less than 0.05 considered significant using SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).

Ethics statement
----------------

This study was reviewed and approved by the Institutional Review Board (IRB) of Seoul Metropolitan Government-Seoul National University Boramae Medical Center (IRB No. 20200403/07 - 2020 - 12/043). The need for informed consent was waived by the board.

RESULTS
=======

Demographic factors and social distancing behaviors
---------------------------------------------------

Differences in participants\' general characteristics between surveys 1 and 2 are shown in [Table 2](#T2){ref-type="table"}. Overall, the practice rate of avoiding outdoor activities in survey 2 increased 1.7-fold compared to that in survey 1. Depending on the general characteristic, avoiding outdoor activities\' practice rate differed by as little as 28.2% (upper economic status) and as much as 54.6% (presidential job approval). Overall, avoiding public transportation practice rate in survey 2 increased 2.1-fold compared to that in survey 1. Depending on the general characteristic, avoiding public transportation\' practice rate differed by as little as 29.3% (aged 30--39 years) and as much as 57.6% (no opinion of presidential job approval). Overall, avoiding healthcare facilities\' practice rate in survey 2 increased 1.6-fold compared to that in survey 1. Depending on the general characteristic, avoiding healthcare facilities\' practice rate differed by as little as 22.7% (opposition party identification) and as much as 49.9% (presidential job approval). Overall avoiding crowded places\' practice rate in survey 2 increased 1.8-fold compared to that in survey 1. Depending on the general characteristic, avoiding crowded places\' practice rate differed by as little as 4.4% (upper economic status) and as much as 49.3% (presidential job approval). There were no statistically significant differences between surveys with participants\' characteristics except with occupation, self-reported household economic status, presidential job approval rating, and party identification. With occupation, higher proportions occurred in the unemployed and blue-collar workers in survey 2, while lower proportions occurred in white-collar workers and home makers or students. Of the self-reported household economic status, survey 4 had higher proportions in the 'upper middle' and 'middle' status, while lower proportions occurred in 'low middle' and 'lower' status. With respect to the presidential job approval rating, the percentage of participants who reported obtaining 'approval' increased in survey 2 compared to survey 1. Of the party identification, the proportion in the 'ruling party' in survey 2 were higher than that in survey 1.

###### General characteristics of the participants and the use of social distancing measures (surveys 1 and 2)
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  Variables                                 Total respondents, %     Using avoidance measures, %^\*^                                                           
  ----------------------------------------- ------------------------ --------------------------------- ------ ------ ------ ------ ------ ------ ------ ------ ------
  Total                                     100.0                    100.0                             55.4   96.7   41.9   87.4   58.2   92.3   47.6   83.4   
  Sex                                                                                                                                                          
                                            Male                     49.8                              49.6   48.8   95.6   34.3   86.2   52.1   92.2   40.9   82.1
                                            Female                   50.2                              50.4   61.9   97.7   49.3   88.6   64.0   92.3   54.2   84.7
  Age, yr                                                                                                                                                      
                                            19--29^a^                17.8                              18.3   50.6   92.0   30.5   80.4   62.1   88.0   42.9   83.2
                                            30--39                   18.9                              15.9   64.9   96.5   51.6   80.9   70.6   95.7   58.7   83.6
                                            40--49                   21.6                              19.1   59.1   97.8   45.3   90.2   63.9   92.0   53.9   84.2
                                            50--59                   19.4                              19.7   49.3   97.8   36.8   90.6   48.2   93.0   39.8   84.4
                                            ≥ 60                     22.3                              27.0   52.8   98.4   43.6   91.5   47.4   92.8   42.3   82.2
  Occupation                                                                                                                                                   
                                            Unemployed               7.8                               10.6   47.9   95.6   37.9   92.1   46.5   94.5   33.8   83.0
                                            Self-employed            18.7                              18.5   53.1   97.1   35.6   90.1   55.3   94.3   44.5   85.9
                                            Blue-collar              15.9                              20.8   50.7   94.2   37.7   86.4   50.7   90.8   44.2   82.6
                                            White-collar             29.0                              27.0   58.8   98.3   41.6   81.4   64.5   92.4   50.0   84.6
                                            Home maker and student   28.7                              23.1   57.9   97.2   49.6   90.8   61.0   90.7   52.7   80.9
  Self-reported household economic status                                                                                                                      
                                            Upper                    2.2                               1.9    57.9   86.1   35.8   86.1   60.3   85.5   51.4   55.8
                                            Upper middle             8.5                               12.4   49.9   96.7   40.0   87.8   59.0   94.2   47.4   86.7
                                            Middle                   39.4                              43.6   51.9   97.2   39.7   85.2   56.9   93.0   45.7   83.9
                                            Low middle               27.4                              25.0   62.0   95.0   45.3   86.9   62.8   90.6   49.4   78.0
                                            Lower                    22.5                              17.1   55.7   98.6   43.3   93.0   55.6   92.9   49.3   89.6
  Area                                                                                                                                                         
                                            Non-metropolitan         29.3                              30.2   56.7   98.2   44.1   92.6   57.3   94.4   48.4   85.3
                                            Metropolitan             70.7                              69.8   54.8   96.0   41.0   85.1   58.5   91.3   47.2   82.6
  Presidential job approval rating                                                                                                                             
                                            Approval                 32.7                              56.4   42.0   96.6   34.3   85.8   42.0   91.9   33.9   83.1
                                            Disapproval              58.4                              36.1   63.3   96.6   47.0   88.5   67.2   93.2   55.7   83.1
                                            No opinion               8.9                               7.5    52.0   97.6   36.1   93.8   57.9   91.0   44.1   87.0
  Party identification                                                                                                                                         
                                            Ruling party             39.6                              41.3   46.7   96.8   36.9   85.0   46.6   92.4   36.5   82.8
                                            Opposition party         29.5                              36.3   66.2   97.6   46.3   90.7   70.9   93.6   62.5   81.2
                                            No opinion               30.9                              22.4   56.1   95.0   44.1   86.2   60.6   89.9   47.5   88.0
  Affective risk perception^b^                                                                                                                                 
                                            Worried                  52.3                              UA     76.6   UA     61.4   UA     77.7   UA     68.5   UA
                                            Not worried              47.7                              UA     31.3   UA     19.8   UA     35.6   UA     24.1   UA

UA = unavailable.

^\*^*P* \< 0.05.

^a^Data were reported for those aged 18--29 years in surveys 3 and 4; ^b^Not asked in survey.

Demographic factors and transmission-reducing behaviors
-------------------------------------------------------

Comparison of the general characteristics of the participants between surveys 3 and 4 are shown in [Table 3](#T3){ref-type="table"}. Overall, wearing of face mask rate in survey 4 had increased by more than 5-fold compared to that in survey 3. Depending on the general characteristic, the wearing of face mask rate differed by as little as 39.2% (upper economic status) and as much as 71.3% low middle economic status). Overall, the washing of hands rate in survey 4 increased by 1.3-fold compared to that in survey 3. Depending on the general characteristic, washing of hands rate differed by as little as 12.0% (aged 19--29 years) and as much as 37.5% (upper economic status). There were definitively, statistically significant differences in the wearing of face masks rate in all subgroups between surveys 3 and 4. No significant differences occurred in participants\' proportions between surveys, except with occupation, self-reported household economic status, presidential job approval rating, and party identification. With occupation, survey 4 had higher proportions of the unemployed and blue-collar workers, while had lower proportions of the self-employed and home makers or students. Of the self-reported household economic status, survey 4 had a higher proportion of those in the 'middle' status, while had a lower proportion of those in the 'low middle.' With respect to presidential job approval rating, the percentage of participants who reported 'approval' increased when survey 4 was compared with survey 3. Of the party identification, the proportion in the 'ruling party' in survey 4 were higher than that in survey 3.

###### Basic characteristics of the participants and use of reducing transmission measures (surveys 3 and 4)
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  Variables                                 Total respondents, %     Using reducing transmission measures, %^\*^                               
  ----------------------------------------- ------------------------ --------------------------------------------- ------ ------ ------ ------ ------
  Total                                     100.0                    100.0                                         15.5   78.8   60.3   80.2   
  Sex                                                                                                                                          
                                            Male                     49.7                                          49.6   11.7   70.8   53.5   75.3
                                            Female                   50.3                                          50.4   19.2   86.6   67.1   85.0
  Age, yr                                                                                                                                      
                                            19--29^a^                17.6                                          18.3   22.5   85.8   65.1   77.1
                                            30--39                   19.4                                          16.0   19.8   83.4   59.0   77.8
                                            40--49                   21.4                                          19.1   13.1   79.3   65.4   79.0
                                            50--59                   19.7                                          19.5   10.9   73.2   53.6   84.7
                                            ≥ 60                     21.9                                          27.1   12.3   74.9   58.7   81.3
  Occupation                                                                                                                                   
                                            Unemployed               8.1                                           11.5   11.0   72.2   54.4   76.8
                                            Self-employed            15.9                                          10.9   12.6   67.2   49.3   83.5
                                            Blue-collar              15.6                                          19.8   10.0   74.5   57.2   75.9
                                            White-collar             30.0                                          31.2   20.1   82.3   63.3   80.6
                                            Home maker and student   30.3                                          26.6   16.4   85.5   66.3   82.9
  Self-reported household economic status                                                                                                      
                                            Upper                    1.7                                           2.2    22.1   61.3   53.3   90.7
                                            Upper middle             10.7                                          13.1   17.4   79.4   67.0   81.8
                                            Middle                   39.0                                          48.7   18.2   81.3   61.1   81.9
                                            Low middle               28.8                                          20.9   11.0   82.3   58.4   79.3
                                            Lower                    19.8                                          15.0   15.3   68.3   58.4   73.4
  Area                                                                                                                                         
                                            Non-metropolitan         29.1                                          29.7   9.6    71.0   58.1   77.9
                                            Metropolitan             70.9                                          70.3   17.9   82.1   61.2   81.2
  Presidential job approval rating                                                                                                             
                                            Approval                 34.3                                          43.6   11.2   78.6   52.2   79.4
                                            Disapproval              54.9                                          48.6   18.7   80.1   65.7   82.2
                                            No opinion               10.8                                          7.8    12.3   71.8   58.9   72.4
  Party identification                                                                                                                         
                                            Ruling party             41.4                                          35.8   11.9   78.9   57.4   80.6
                                            Opposition party         25.1                                          33.0   19.5   79.3   59.7   82.3
                                            No opinion               33.5                                          31.2   16.9   78.1   64.3   77.5
  Affective risk perception                                                                                                                    
                                            Worried                  67.3                                          64.2   20.0   86.6   72.0   89.2
                                            Not worried              32.7                                          35.8   6.5    65.2   36.3   64.7

^\*^*P* \< 0.05.

^a^Data were reported for those aged 18--29 years in surveys 1 and 2.

Factors associated with the use of preventive behaviors
-------------------------------------------------------

[Table 4](#T4){ref-type="table"} reports the association between variables and non-pharmaceutical preventive behaviors, social distancing and transmission-reducing behaviors.

###### Association between personal characteristics and non-pharmaceutical preventive behaviors against MERS-CoV and SARS-COV-2
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  Variables                          Using social distancing   Using reducing transmission measures                                                                                                                                                                     
  ---------------------------------- ------------------------- -------------------------------------- ------------------- ------------------- -------------------- ------------------- -------------------- ------------------- ------------------- ------------------- -------------------
  Sex                                                                                                                                                                                                                                                                   
                                     Male                      Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Female                    1.68 (1.21--2.33)                      1.14 (0.75--1.72)   1.78 (1.26--2.52)   1.06 (0.64--1.78)    1.80 (1.30--2.49)   1.22 (0.76--1.96)    1.63 (1.02--2.61)   2.43 (1.56--3.78)   1.44 (0.99--2.10)   1.57 (1.04--2.37)
  Age, yr                                                                                                                                                                                                                                                               
                                     19--29                    Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     30--39                    2.84 (1.62--4.97)                      1.32 (0.71--2.45)   1.33 (0.76--2.34)   3.26 (1.16--9.15)    1.95 (1.15--3.32)   1.20 (0.52--2.76)    0.72 (0.40--1.29)   0.72 (0.36--1.41)   0.61 (0.36--1.04)   0.94 (0.51--1.73)
                                     40--49                    2.46 (1.43--4.23)                      2.51 (1.31--4.81)   1.13 (0.68--1.88)   1.58 (0.71--3.51)    1.93 (1.16--3.22)   1.39 (0.62--3.10)    0.52 (0.26--1.04)   0.59 (0.32--1.09)   1.14 (0.69--1.89)   1.07 (0.60--1.94)
                                     50--59                    1.74 (1.00--3.02)                      2.37 (1.24--4.52)   0.67 (0.40--1.13)   1.84 (0.81--4.22)    1.17 (0.69--1.97)   1.36 (0.61--3.06)    0.51 (0.26--1.00)   0.41 (0.22--0.75)   0.75 (0.45--1.25)   1.63 (0.88--3.02)
                                     60--69                    2.49 (1.42--4.37)                      2.13 (1.08--4.21)   0.77 (0.45--1.32)   1.58 (0.72--3.48)    1.48 (0.86--2.54)   2.21 (0.99--4.96)    0.75 (0.39--1.46)   0.44 (0.23--0.83)   0.95 (0.55--1.63)   1.15 (0.62--2.13)
  Occupation                                                                                                                                                                                                                                                            
                                     Unemployed                Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Self-employed             0.70 (0.37--1.34)                      0.68 (0.26--1.77)   1.03 (0.54--1.97)   0.81 (0.26--2.56)    1.18 (0.61--2.29)   0.98 (0.38--2.58)    1.40 (0.52--3.79)   0.62 (0.31--1.27)   0.83 (0.42--1.62)   1.41 (0.68--2.96)
                                     Blue-collar               0.88 (0.46--1.67)                      0.55 (0.21--1.42)   0.95 (0.49--1.85)   0.54 (0.17--1.71)    1.29 (0.67--2.48)   1.00 (0.38--2.60)    1.01 (0.38--2.71)   0.96 (0.50--1.87)   1.05 (0.54--2.04)   0.85 (0.45--1.61)
                                     White-collar              0.89 (0.47--1.69)                      0.44 (0.18--1.09)   1.13 (0.59--2.20)   0.61 (0.20--1.91)    1.19 (0.62--2.29)   1.33 (0.50--3.54)    1.66 (0.67--4.09)   1.17 (0.57--2.42)   1.18 (0.61--2.27)   1.08 (0.56--2.07)
                                     Home maker and student    1.34 (0.71--2.55)                      0.97 (0.36--2.56)   1.05 (0.54--2.05)   0.66 (0.22--2.03)    1.58 (0.83--3.03)   1.01 (0.39--2.60)    1.06 (0.42--2.70)   0.98 (0.46--2.10)   1.16 (0.59--2.28)   0.82 (0.42--1.58)
  Self-reported household economic                                                                                                                                                                                                                                      
                                     Upper                     Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Upper middle              0.83 (0.26--2.66)                      1.25 (0.24--6.41)   0.77 (0.28--2.08)   2.98 (0.53--16.58)   0.52 (0.18--1.49)   4.81 (1.02--22.58)   0.78 (0.20--2.94)   1.87 (0.74--4.77)   2.17 (0.75--6.21)   0.39 (0.08--1.94)
                                     Middle                    0.84 (0.29--2.44)                      0.97 (0.20--4.65)   0.79 (0.32--1.96)   2.35 (0.49--11.30)   0.53 (0.21--1.37)   1.99 (0.52--7.61)    0.88 (0.25--3.09)   2.14 (0.91--5.03)   1.64 (0.61--4.41)   0.39 (0.08--1.84)
                                     Low middle                0.97 (0.33--2.85)                      1.05 (0.21--5.17)   0.96 (0.38--2.44)   1.55 (0.31--7.66)    0.54 (0.20--1.41)   1.85 (0.46--7.40)    0.49 (0.14--1.77)   2.39 (0.97--5.89)   1.43 (0.53--3.86)   0.28 (0.06--1.36)
                                     Lower                     0.95 (0.32--2.81)                      1.43 (0.27--7.66)   0.98 (0.39--2.51)   1.97 (0.38--10.13)   0.71 (0.27--1.90)   2.48 (0.57--10.81)   0.85 (0.23--3.18)   1.25 (0.50--3.11)   1.37 (0.50--3.78)   0.22 (0.05--1.10)
  Area                                                                                                                                                                                                                                                                  
                                     Non-metropolitan          Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Metropolitan              0.81 (0.58--1.14)                      0.49 (0.30--0.83)   0.94 (0.66--1.33)   0.70 (0.38--1.29)    0.85 (0.61--1.19)   0.76 (0.45--1.27)    1.87 (1.06--3.29)   1.87 (1.29--2.72)   1.08 (0.77--1.53)   1.23 (0.83--1.80)
  Presidential job approval rating                                                                                                                                                                                                                                      
                                     Approval                  Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Disapproval               1.73 (1.15--2.62)                      0.97 (0.54--1.74)   1.92 (1.30--2.85)   1.10 (0.51--2.38)    1.88 (1.25--2.82)   0.80 (0.44--1.46)    1.17 (0.64--2.11)   1.05 (0.65--1.69)   1.74 (1.15--2.62)   1.08 (0.68--1.71)
                                     No opinion                0.92 (0.48--1.78)                      2.15 (0.80--5.76)   1.46 (0.78--2.72)   1.19 (0.43--3.34)    1.24 (0.67--2.30)   2.14 (0.57--7.98)    0.72 (0.30--1.72)   0.63 (0.32--1.25)   1.08 (0.62--1.86)   0.81 (0.39--1.67)
  Party identification                                                                                                                                                                                                                                                  
                                     Ruling party              Reference                              Reference           Reference           Reference            Reference           Reference            Reference           Reference           Reference           Reference
                                     Opposition party          1.16 (0.75--1.79)                      1.52 (0.82--2.84)   1.61 (1.04--2.49)   1.22 (0.54--2.77)    2.25 (1.46--3.46)   1.47 (0.80--2.68)    1.30 (0.69--2.45)   1.11 (0.68--1.82)   0.68 (0.43--1.08)   1.10 (0.66--1.84)
                                     No opinion                1.29 (0.85--1.95)                      1.15 (0.65--2.01)   1.18 (0.79--1.75)   0.79 (0.38--1.65)    1.26 (0.84--1.88)   1.49 (0.75--2.99)    1.08 (0.60--1.92)   0.77 (0.50--1.19)   0.85 (0.56--1.28)   0.69 (0.43--1.10)
  Affective risk perception^a^                                                                                                                                                                                                                                          
                                     Worried                   UA                                     UA                  UA                  UA                   UA                  UA                   3.33 (1.76--6.30)   3.24 (2.24--4.67)   4.25 (3.10--5.85)   4.81 (3.32--6.96)
                                     Not worried               UA                                     UA                  UA                  UA                   UA                  UA                   Reference           Reference           Reference           Reference

MERS-CoV = Middle East respiratory syndrome coronavirus, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, OR = odds ratio, CI = confidence interval, UA = unavailable.

^a^Not asked in survey 4.

Of social distancing behaviors, generally, none of the factors (characteristics) consistently affected any kinds of social distancing behaviors (avoiding public transportation, healthcare facilities, and crowded places) in both surveys 1 and 2. The results showed that sex, presidential job approval rating, and party identification were significantly associated with social distancing behaviors in survey 1, but not in survey 2. Those aged 30 years and older were more likely to avoid public transportation in both surveys 1 and 2. Participants aged 30--39 years were more likely to avoid healthcare facilities in survey 2 only. Those aged 30--49 years were more likely to avoid crowded places in survey 1 only. Only in survey 2 were residents of metropolitan cities identified to have practiced avoidance of public transportation behaviors less.

In transmission-reducing behaviors, both surveys 3 and 4 reported that females were more likely to practice preventive behaviors (adjusted OR \[aOR\], 1.57--2.43; 95% CI, 1.04--3.78), which tended to be stronger in survey 4. The association of affective risk perception with transmission-reducing behaviors was also observed in both surveys 3 and 4. Participants who reported being 'worried' were more likely to practice both the wearing of face masks and handwashing (aOR, 3.24--4.81; 95% CI, 1.76--6.96). Those living in metropolitan cities more frequently wore face masks in both surveys 3 and 4. Participants aged 50 years and older practiced less wearing of face masks in survey 4 only. The results showed that presidential job approval rating and washing of hands were significant in survey 3, but not in survey 4.

DISCUSSION
==========

Possibly, the current study is the first to explore changes in individuals\' non-pharmaceutical preventive behaviors during two different consecutive emerging infectious disease outbreaks in Korea.[@B2][@B3][@B7][@B15][@B16][@B17][@B20][@B21][@B22]

First, our study showed a marked increase in non-pharmaceutical preventive behaviors such as social distancing, wearing of face masks, and washing of hands, evenly, across all subgroups during COVID-19 compared to 2015 MERS-CoV. During the previous 2003 SARS outbreak in Hong Kong, the level of preventive behavioral practice increased over time, but differences in level was not compared between outbreaks.[@B23] A possible explanation for the increase of preventive behavioral practices during COVID-19 in Korea could be due to previous experience of emerging infectious disease epidemic, intensifying the practice.[@B24] Additional study is needed to examine why the preventive behavioral practice increased during COVID-19 outbreak, and to understand how differences in preventive behavioral practices affected the transmission during repeated and different emerging infectious disease outbreaks.

Second, affective risk perception consistently influenced transmission-reducing behavioral practice during the 2020 COVID-19 and 2015 MERS-CoV. This is similar to previous studies\' results showing that risk perception is associated with non-pharmaceutical preventive behaviors.[@B15][@B16][@B20][@B22][@B25] However, there is need to investigate for further understanding, the association between risk perception (affective and cognitive) and preventive behaviors.[@B19]

Third, our results, showing that low level of trust in the president and identification of opposition party influenced preventive behavioral practice during 2015 MERS-CoV but not during 2020 COVID-19 are inconsistent with those of previous studies.[@B15][@B17] Differences in the Korean government\'s responses to the two different emerging infectious disease epidemics could have affected how the public perceived the image of the president and the ruling party, as well as the trust in the government.[@B9][@B14][@B19][@B26][@B27][@B28][@B29][@B30][@B31][@B32] Further research is needed to understand the conditions of trust in the president and identification of a party that could affect preventive behavioral practices.

However, this study has some limitations. First, that this study used surveys on self-reported practices could mean that the data could be different from those obtained through observed practices. Therefore, there could have been measurement errors. (i.e., social desirability bias, 'Yes-saying' bias) However, surveys of observed practices are difficult to conduct during health crisis. Second, this study used a cross-sectional design; hence, it could not establish causal relations. Third, risk perception (affective and cognitive reactions) was not fully surveyed during the outbreaks, limiting the interpretation of findings. Fourth, the current study could not evaluate the intensity of the preventive behaviors. Finally, because of the unexpected rapidly evolving outbreak, this study could not examine the validity of the questionnaire using a test-retest design.

In conclusion, the present study suggests, for the first time, the level of the practice rate of non-pharmaceutical preventive behaviors and influencing factors during 2020 COVID-19 and 2015 MERS-CoV in Korea. Affective risk perception can increase practicing reducing transmission measures and it can be used to prevent the failure of preventive behavior management. To understand the mechanism of behavioral immunity, further exertions are needed behind the citizens, the governmental public health sector, as well as the academic society. Strategic interventions to suppress the spread of infectious diseases based on preventive behaviors works through cooperation of individuals with regulations and will be a salient contribution to a quick end to COVID-19 pandemic. Thus, policies to guide such strategic interventions need to be developed.
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